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ABSTRACT 

Stomach c o n t e n t s  c o l l e c t e d  from t h o s e  g r e a t e r  amber- 
jack, Seriola dumerlll , t e s t e d  f o r  c i g u a t o x i c i t y ,  were 
(1) examined t o  de te rmine  whether a r e l a t i o n s h i p  e x i s t s  
between f e e d i n g  h a b i t s  and i n c i d e n c e  of t o x i c i t y ,  and 
( 2 )  ana lyzed  t o  de te rmine  t h e  e x t e n t  of geographic  
v a r i a b i l i t y  i n  t h e  d i e t .  Amberjack were c l a s s i f i e d  
i n t o  two weight  groups.  Large f i s h  caught  i n  t h e  main 
Hawaiian i s l a n d s  f e d  predominant ly  on Rsapterus  
r e g a r d l e s s  of t h e i r  l e v e l  of c i g u a t o x i c i t y .  For small 
amberjack,  Recap - t e r u  a g a i n  predominated i n  t h e  d i e t  
w i t h  t h e s e  excep t ions :  t h o s e  de te rmined  as be ing  
c i g u a t o x i c  and t h o s e  caught  i n  t h e  Northwestern 
Hawaiian I s l a n d s .  These two groups ,  p l u s  t h e  l a r g e  
nonc igua tox ic  amberjack of t h e  Northwestern Hawaiian 
I s l a n d s  f e d  more on bot tom-assoc ia ted  fauna than  a l l  
o t h e r  groups s t u d i e d .  A ser ies  of hypotheses  were 
g e n e r a t e d  from t h e s e  r e s u l t s  t o  e x p l a i n  t h e  observed 
d i e t a r y  d i f f e r e n c e s .  

. .  

c i g u a t e r a  Hawaiian Archipe lago  
amberjack f e e d i n g  h a b i t s  

INTRODIICTIOB 

Cigua te ra  i s  a t o x i n - r e l a t e d  malady caused  by t h e  consump 
t i o n  of c e r t a i n  reef f i s h e s  of t he  t r o p i c s  and s u b t r o p i c s .  The 
symptoms i n c l u d e  a v a r i e t y  of g a s t r o i n t e s t i n a l  and n e u r o l o g i c a l  
d i s o r d e r s  which o c c a s i o n a l l y  cause  death.  The r ee f  f i s h e s  
invo lved  are p r i m a r i l y  a l g a l  and d e t r i t a l  feeders and h ighe r  reef 
p r e d a t o r s ,  i n c l u d i n g  some n e r i t i c  p r e d a t o r s  wh ich  range i n t o  t h e  
r ee f  environment.  V i r t u a l l y  no ev idence  of t o x i c i t y  ex i s t s  f o r  
r ee f  p l a n k t i v o r e s  and p e l a g i c  f i s h e s  (Withers ,  1 9 8 2 ) .  
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A source  of t h e  t o x i c  a g e n t ,  c i g u a t o x i n ,  has  been i d e n t i f i e d  
as  a b e n t h i c  d i n o f l a g e l l a t e ,  toxicus , from su rveys  
conducted by Yasumoto e t  a l .  (1977a, 1977b)  of r ee f  areas around 
t h e  Gambier I s l a n d s ,  French Polynes ia .  T h i s  d i n o f l a g e l l a t e  has 
a l s o  been i d e n t i f i e d  from Oahu, H a w a i i  by Taylor  (1979) and found 
t o  be t o x i c o l o g i c a l l y  similar t o  t h e  Gambier I s l a n d s  p o p u l a t i o n  
(Shimizu e t  a l . ,  1 9 8 2 ) .  

The l i n k a g e  of c i g u a t o x i n  p roduc t ion  t o  G. s u p p o r t s  
a theo ry  proposed by Randal l  (1958) which, i n  par t ,  s u g g e s t s  t h a t  
t h e  t o x i n  o r i g i n a t e s  i n  t h e  b e n t h i c  r e e f  environment.  Addit ion-  
a l l y ,  Randal l  (1958) s u g g e s t s  t h a t  t h e  t o x i n  is t r a n s m i t t e d  v i a  
t h e  food c h a i n  t o  f i s h e s  of h ighe r  t r o p h i c  l e v e l s .  The l a t t e r  is 
suppor t ed  by i d e n t i f i c a t i o n  of t h e  d i n o f l a g e l l a t e  among t h e  g u t  
c o n t e n t s  of a c i g u a t o x i c  a c a n t h u r i d ,  &&Q unicornis, from s t u d i e s  
by Yasumoto e t  a l .  (1977a) .  ALthough t h i s  is  t h e  on ly  such f i n d -  
i n g  t o  d a t e ,  s t u d i e s  on two c i g u a t o x i c  a c a n t h u r i d s ,  - 
sLd,.g&m and JJn.e&t-~@ (Yasumoto e t  a l . ,  1971) , and on 
t h e  c i g u a t o x i c  scar id ,  Scarus gj&&s (Yasumoto e t  a l . ,  1 9 7 7 c ) ,  
r evea led  g u t  c o n t e n t s  c o n t a i n i n g  c igua tox in .  These s p e c i e s  a l l  
belong t o  t h e  lower r ee f  t r o p h i c  l e v e l s  and a re  h e r b i v o r e s  o r  
d e t r i t a l  f e e d e r s .  F i s h e s  a t  t h e s e  t r o p h i c  l e v e l s  are  cons ide red  
t h e  i n i t i a l  accumula tors  of c i g u a t o x i n ;  l a t e r ,  as prey they  
t r a n s m i t  t h e  t o x i n  t o  f i s h e s  i n  h ighe r  t r o p h i c  l e v e l s .  Th i s  pa t -  
t e r n  of t r a n s m i s s i o n  a g r e e s  w e l l  w i t h  documented a c c o u n t s  of a 
c i g u a t e r a  outbreak  a t  Hao A t o l l ,  Tuamotus i n  1966-68 (Banner ,  
1976) .  

Among t h e  h ighe r  r ee f  p r e d a t o r s  prone t o  be c i g u a t o x i c  i s  , whose d i s t r i b u t i o n  is  worldwide t h e  amberjack,  Seriola i b m z u l ~  
i n  t r o p i c a l  and s u b t r o p i c a l  waters. I n  Hawaii, amberjack i s  
found throughout  t h e  a r c h i p e l a g o  i n  t h e  i n n e r  r ee f  and o u t e r  r ee f  
s l o p e  environments .  The a d u l t s  are p r i m a r i l y  found n e a r  t h e  bot- 
tom, a l t h o u g h  t h e y  are capab le  of c o n s i d e r a b l e  v e r t i c a l  m o b i l i t y  
ranging  from t h e  s u r f a c e  t o  d e p t h s  of 2 4 0  m. 

D i e t a r y  s t u d i e s  on amberjack a re  few and do n o t  i n c l u d e  any 
from H a w a i i .  Valdes-Munoz (1980) examined t h e  stomachs ( 9  empty) 
of 2 1  amberjack from Cuban waters a s  part  of a food s t u d y  on 6 
species i m p l i c a t e d  i n  c i g u a t e r a  poisonings .  The pomadasyid, 
Haemulon m, and l u t j a n i d ,  Lutianus -, occur red  most 
f r e q u e n t l y  i n  t h e  stomachs.  Randal l  (1967) examined 8 stomachs 
( 2  empty) from t h e  West I n d i e s  and found o n l y  f i s h  as  prey items 
i n c l u d i n g  cdlamus sp., Caranx u&,.er, H. aurolineatum , and Pria- 
iantlus arenatus. I n  a s t u d y  of t h e  b io logy  and f i s h e r y  of 
amberjack i n  s o u t h e r n  F l o r i d a ,  Burch (1979) d e s c r i b e d  t h e  con- 
t e n t s  of 135  stomachs.  Prey i t e m s  o c c u r r i n g  most f r e q u e n t l y  were 
l u t j a n i d s ,  c a r a n g i d s ,  p o r t u n i d s ,  and l o l i g i d s .  

S ince  t h e s e  s t u d i e s  d i d  n o t  de t e rmine  c i g u a t o x i n  l e v e l s  i n  
t h e  amberjack sampled, l i t t l e  in fo rma t ion  is a v a i l a b l e  on t h e  
i d e n t i t y  of t h e  prey  species involved  i n  c i g u a t o x i n  t r a n s m i s s i o n .  
The o p p o r t u n i t y  t o  conduct  such  a s t u d y  i n  H a w a i i  a r o s e  a f t e r  a 
1979 outbreak  of  c i g u a t e r a  which i m p l i c a t e d  amberjack. T h i s  

. .  
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i n c i d e n t ,  coupled w i t h  p r e v i o u s l y  r e p o r t e d  cases from H a w a i i  and 
a d j a c e n t  P a c i f i c  areas (Kubota, 1981) and  amber j ack ' s  commercial 
importance i n  H a w a i i ,  l e d  t o  t h e  i n i t i a t i o n  of a c i g u a t o x i n  tes t -  
ing  program. 

I n  t h i s  program -- involv ing  t h e  Southwest F i s h e r i e s  Center  
Honolulu Laboratory of t h e  Nat iona l  Marine F isher ies  S e r v i c e ,  t h e  
f i s h i n g  i n d u s t r y ,  t h e  Un ive r s i ty  of H a w a i i  Department of Pa thol -  
ogy, and s t a t e  a g e n c i e s  -- f l e s h  samples were tested f o r  c igua-  
t o x i n  l e v e l s  from a l l  amberjack d e l i v e r e d  f o r  sale t o  t h e  United 
F i s h i n g  Agency (UFA) f i s h  a u c t i o n  i n  Honolulu. Concurren t ly ,  an  
i n v e s t i g a t i o n  was begun i n t o  p o s s i b l e  d i e t a r y  d i f f e r e n c e s  between 
t h e  c i g u a t o x i c  (CTC) and  non-c igua toxic  (non-CTC) amberjack. 
Th i s  report a l s o  i n c l u d e s  geograph ica l  d i e t a r y  comparisons among 
non-CTC amberjack. 

HBTEODS 

Weight, f o r k  l e n g t h ,  s ex ,  and u s u a l l y  c a t c h  l o c a t i o n  were 
recorded  f o r  amberjack samples a t  t h e  UFA f i s h  auc t ion .  Only 
f i s h  caught  i n  t h e  f i s h e r y  around Penguin Bank, Kahoolawe, Lanai ,  
Maui, and Hawaii i n  t h e  lower main Hawaiian i s l a n d s  (LMHI) and  
t h o s e  caught  from Gardner P innac le s  t o  Necker bank i n  t h e  North- 
wes te rn  Hawaiian I s l a n d s  ( N W H I )  were examined. These two g e n e r a l  
areas are s e p a r a t e d  by some 645 km ( F i g u r e  1). Commercial amber- 
jack f i s h i n g  was conducted p r i m a r i l y  i n  d e p t h s  ranging  from 55 t o  
1 1 0  m i n  both areas. 

F le sh  samples  were t e s t e d  f o r  c i g u a t o x i n  a t  t h e  U n i v e r s i t y  
of Hawaii John A. Burns School of Medicine, Pathology Department, 
by a radioimmunoassay ( R I A )  t echn ique  (Hokama e t  a l . ,  1977) .  The 
t o x i c i t y  l e v e l s  of t h e  f i s h  tissues were determined from gamma 
r a d i a t i o n  coun t s  pe r  minute  pe r  gram t i s s u e  (cpm/g) and  were 
c l a s s i f i e d  a s  fo l lows :  <350,000 cpm/g t i s s u e  -- nega t ive ;  
350,000 t o  399,999 cpm/g t i s sue  -- b o r d e r l i n e ;  and 2400,000 cpm/g 
t issue -- p o s i t i v e .  A l l  b o r d e r l i n e  cases were cons idered  cigua-  
t o x i c .  

Stomachs from CTC and non-CTC amberjack caught  i n  t h e  LMHI 
were c o l l e c t e d  d u r i n g  February 1980 t o  February 1981 and J u l y  
1979 t o  March 1980, r e s p e c t i v e l y .  Samples from non-CTC amberjack 
i n  t h e  NWHI were c o l l e c t e d  du r ing  June  t o  J u l y  1979 and June  t o  
October  1980. No stomach samples of CTC amberjack from t h e  NWHI 
were a v a i l a b l e .  

a t  t h e  a u c t i o n  market. Because t h e r e  was a lapse of 1 t o  1 0  days  
between c a p t u r e  and t h e  t i m e  t h e  f i s h  were brought  t o  a u c t i o n ,  
t h e  c o n d i t i o n  of stomach c o n t e n t s  was o f t e n  poor. 

f i a b l e  groups.  Stomachs c o n t a i n i n g  on ly  u n i d e n t i f i a b l e  remains 
were d i s c a r d e d  and n o t  u t i l i z e d  i n  t h e  s tudy .  B a i t  could  be 
i d e n t i f i e d  by i t s  appearance and s ta te  of d i g e s t i o n .  B a i t  and 

Stomachs were sampled and p rese rved  i n  1 0  p e r c e n t  Formalin 

I n  t h e  l a b o r a t o r y ,  stomach c o n t e n t s  were s o r t e d  i n t o  i d e n t i -  
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F i g u r e  1. The two s t u d y  areas of t h e  f i s h e r y  f o r  amberjack 
i n  t h e  Hawaiian Archipelago 

p a r a s i t e s  were recorded  b u t  n o t  cons ide red  a s  food items. The 
volume of each food item was measured by water d isp lacement .  

tebrates  were d i g e s t e d  r a p i d l y ,  and f r e q u e n t l y  could be i d e n t i -  
f i e d  o n l y  t o  suborder .  F i s h e s  were u s u a l l y  i d e n t i f i a b l e  t o  
f ami ly  and sometimes t o  s p e c i e s .  Except ions  were t h e  eels and 
f l a t f i s h e s  which were on ly  i d e n t i f i e d  t o  o r d e r .  F i sh  i n  a n  
advanced s t a t e  of d i g e s t i o n  were cleaned of f l e s h ,  s t a i n e d  i n  
a l i z a r i n ,  and i d e n t i f i e d  by v e r t e b r a l  count  and bone morphology. 

The t o t a l  number (N) , f requency of occur rence  (F )  , and 
a g g r e g a t e  t o t a l  volume (V) were conver ted  t o  pe rcen tages  t o  t h e  
n e a r e s t  0 .1  p e r c e n t  f o r  a l l  prey t a x a ,  and t h e  index of r e l a t i v e  
importance ( I R I )  (P inkas  e t  a l . ,  1971) was computed as  fo l lows :  

Prey items were i d e n t i f i e d  t o  lowes t  p o s s i b l e  taxon.  Inver-  

I R I  = %F x ( % N  + %V) . 
The I R I  v a l u e s  were rounded o f f  t o  t h e  n e a r e s t  whole number. The 
I R I ' s  of 0.6 t o  0.9 were rounded o f f  t o  1 whereas v a l u e s  0.5 and 
less were r e p r e s e n t e d  as <1. The I R I  v a l u e s  ,100 were cons ide red  
t o  r e p r e e e n t  major food items. 

Prey comparisons were made among c lass  t a x a  and t h e  lower 
i d e n t i f i e d  taxa.  Class comparisons o f f e r e d  in fo rma t ion  on t h e  
g e n e r a l  animal  t y p e s  i n  t h e  d i e t  whereas lower taxa comparisons 
y i e l d  more s p e c i f i c  i n fo rma t ion  on t h e  prey and d i e t .  Prey 
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i d e n t i f i a b l e  only  t o  class ( i . e . ,  u n i d e n t i f i e d  f i s h ,  c r u s t a c e a n s ,  
and cephalopods)  were t reated as separate e n t i t i e s  and inc luded  
i n  t h e  lower taxa comparisons.  

D i e t  was a l s o  ana lyzed  by e c o l o g i c a l  h a b i t a t  wi th  r e s p e c t  t o  
a v a i l a b l e  informat ion  on t h e  s p a t i a l  d i s t r i b u t i o n  of prey w i t h i n  
t h e  Hawaiian Archipelago.  The o b j e c t i v e  was t o  i n d i r e c t l y  deter-  
mine whether amberjack f e e d  p r e f e r e n t i a l l y  on bottom or midwater 
fauna.  Three a r b i t r a r y  c a t e g o r i e s  were used:  (1) b e n t h i c  and 
demersal ,  ( 2 )  midwater and s u r f a c e ,  and ( 3 )  combinat ion of both 
h a b i t a t s .  T h i s  l a t t e r  ca t egory  i n c l u d e s  prey which are known or  
suspec ted  of i n h a b i t i n g  both environments  e q u a l l y  ( N a t a n t i a )  and 
t h o s e  which change h a b i t a t  du r ing  l a r v a ,  j u v e n i l e ,  o r  a d u l t  s t a g e  
(Mul l idae ,  Zeidae,  and T e t r a o d o n t i d a e ) .  U n i d e n t i f i e d  ca rang ids ,  
cephalopods,  c r u s t a c e a n s ,  and f i s h  were excluded from t h e  h a b i t a t  
comparison. 

ences due t o  amberjack s i ze  a l o n e ,  CTC and non-CTC amberjack were 
d i v i d e d  i n t o  two weight  groups: 4.00 t o  8.99 kg (small) and 
t h o s e  >8.99 kg ( l a r g e ) .  Small amberjack were most commonly 
encountered  du r ing  t h e  s tudy .  Large amberjack were much less 
abundant but  corresponded t o  t h e  s i z e  commonly thought  ( i n  
Hawaii) t o  be more f r e q u e n t l y  CTC. 

To reduce t h e  p o s s i b i l i t y  of an a r t i f a c t  i n  d i e t a r y  d i f f e r -  

RESULTS 

A d i e t a r y  comparison between CTC and non-CTC amberjack was 
i n v e s t i g a t e d  only w i t h i n  t h e  LMHI. Among small amberjack of both 
t h e s e  groups,  t h e  predominate c lass  taxon i n  t h e  d i e t  was f i s h ;  
c r u s t a c e a n s  and cephalopods c o n t r i b u t e d  l i t t l e  t o  t h e  d i e t  
(Tab le s  1 and 2 ) .  W D t e r w  spp. were t h e  most impor tan t  ( I R I  = 
457) among lower taxa i n  t h e  CTC group. Other major lower t a x a  
were Teuthoidea ( I R I  = 246) ,  -odon -1oae ( I R I  = 2 3 2 ) ,  
c r u s t a c e a n s  ( I R I  = 1 6 9 ) ,  Na tan t i a  ( I R I  = 1 6 7 ) ,  Synodont idae ( I R I  
= 1 3 9 ) ,  and Myctophidae ( I R I  = 118) (F igu re  2 ,  Table 1) .  I n  t h e  
non-CTC group, m D t e r u s  spp. were a l s o  t h e  g r e a t e s t  c o n t r i b u t o r  
( I R I  = 2,421)  fo l lowed by Na tan t i a  ( I R I  = 466) and S. lnaunaloae 
( I R I  = 188) (F igu re  3 ,  Table  2 ) .  

I n  t h e  d i e t  of l a r g e  amberjack, f i s h  a g a i n  predominated i n  
both CTC and non-CTC groups wi th  minor c o n t r i b u t i o n s  of  crusta- 
ceans and cephalopods (Tab les  3 and 4 ) .  I n  t h e  CTC group, 
Decspterus spp. dominated ( I R I  = 1,429)  among lower taxa f o l -  
lowed by Teuthoidea ( I R I  = 7 2 7 ) ,  Myctophidae ( I R I  = 1771, and 
Engraul idae  ( I R I  = 1 0 1 )  (F igu re  4 ,  Table  3 ) .  I n  t h e  non-CTC 
group, D e c a w  spp. a l s o  ranked h i g h e s t  ( I R I  = 1,894)  fo l lowed 
&JJ& thazard ( I R I  = 1 1 9 )  (F igu re  5 ,  Table 4 ) .  
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TABLE 1. PREY ITEMS OF SMALL CTC AMBERJACK FROM THE LOWER M A I N  
HAWAIIAN ISLANDS ( N  = 88) LISTED I N  DECREASING IMPOR- 
TANCE BY TAXA. TAXA O F  LESSER PREY (THOSE WITH I R I  
VALUES BELOW 100) ARE LISTED WITH THEIR RESPECTIVE 
I R I  VALUES ONLY. 

%N %F % V  I R I  

Taxa of prey 
F i s h e s  
C r u s t a c e a n s  
Cephalopods 

44.0 88.6 91.8 12 ,032  
38.9 29.6 4.6 1 ,288  
17.1 21.6 3.6 447 

Major lower taxa prey 
3.3 13.6 30.3 4 57 

2 46 
- SPP. 
T e u t h o i d e a  14.6 14 .8  2.0 
-maunaloae 9.0 15.9 5.6 232 
Crustaceans 1.0.2 15.9 0.4 169  
Natant  i a  15.1 10.2 1.3 167 
Synodont idae 5.9 12.5 5.2 139  
My ct  o ph i d a  e 5.4 18.2 1.1 118 

Taxa of lesser prey 
F i s h  
Ca r i dea  
O c t  opo da 
PontinusmacroceDhala 
P r i a c a n t h i d a e  
Pomacent r idae 
-ensifer 
Lu t j anida e 

Se r r a n i  da e - SP. 
AUListhazard 
Labr idae 
Xanthichthvsmento 
S c o r p a e n i d a e  
Mullidae 
R e  p t a  n t i a 

Ca r a n g i  da e 
Cephalopod 
Emmel i c h t h y i d a e  
P e r  coph i d i d a e  

. .  
KlSt lD-  Sp. 

UcrumenoDhthalmus 

86 
44 
1 3  
1 2  
1 2  
11 

8 
8 
8 
8 
7 
7 
7 
7 
5 
4 
4 
4 
3 
3 
2 
2 

P l e u r o n e c t i f o r m e s  2 
2 
1 

SvmDhvsanadontvr>us 
1 

Ammody ti da e 

C h a e  t odon t i da e 1 
D a  c t y  l o  pte r i da e 1 

1 
1 

GrammatonotuslLcuMnu 
Munida SP. 

1 
r o w t r u  1 

Penaeidea  

1 Pleslonlka SP. 
Port u n i  da e 1 
T e t r aodo n t i da e 1 
A n g u i l l i f o r m e s  <1  
B a l i s t i d a e  <1 
B l e e k e L u  < l  

<1 Congr i d a e  
Embollchthvs SP- <1 
E n g r a u l i d a e  < 1  
Gobi i d a e  < l  
P a g u r i d a e  < 1  
Sphy r a e n i  da e <1 

. .  

-ailli 

~ _ _  

Note: N = t o t a l  number, F = f r e q u e n c y  of o c c u r r e n c e ,  V = aggre-  
g a t e  t o t a l  volume, I R I  = i n d e x  of  r e l a t i v e  importance 
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TABLE 2. PREY ITEMS OF SMALL NON-CTC AMBERJACK FROM THE LOWER 
MAIN HAWAIIAN ISLANDS ( N  = 82) LISTED I N  DECREASING 
IMPORTANCE BY TAXA. TAXA OF LESSER PREY (THOSE W I T H  
I R I  VALUES BELOW 100)  ARE LISTED WITH T H E I R  RESPEC- 
TIVE I R I  VALUES ONLY. 

~ - - _ _ _  
%N %F %V I R I  

Taxa of prey 
F i s h e s  
C r u s t a c e a n s  
Cephalopods 

Hajor lower taxa prey 
J2s=u=u SPP. 

SvmDhvsanodonmaunaloae 
Natantia 

Taxa of lesser prey 
T e u t h o i d e a  

F i s h  

C r u s t a c e a n s  
Synodont i d a e  
P r i a ca n t h i da e 

S e r r a n i d a e  
Engraul  i d a e  
Emmel i c h t h y i d a e  
P e r  coph i d i  da e 
C a r a n g i d a e  
O c  t opoda 
Te t r a o d o n t  ida e 
Cephalopods 

- SP. 

Prlstlaomoldes SP. 
. .  

SelarcrumenoDhthalmus 

51.2 
43.1 

5.7 

6.1 
40.6 
10.6 

6 8  
56 
3 9  
1 9  
17 
1 6  
1 4  
13 
1 2  
1 0  

9 
9 
8 
6 
6 
4 

90.2 95.9 13.268 
22.0 2.5 
20.7 1.6 

32.9 67.5 
11.0 1.8 
14.6 2.3 

Eteliscoruscans 
Both i da e -- 
My c t  oph i d a  e 
C a p r o i d a e  
C a r i d e a  
-macrosoma 
L u t  j a n i d a e  
Mu1 1 i d a e  
SCOfDaenODSlS SP= 

Labr i d a e  
Repta n t i a 
Sco r pa e n  i da e 

r- SP 

l ; 0 0 3  
151 

2 ,421  
466 
188 

3 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 

<1 
<1 
<1 
<1 

Note: N = t o t a l  number, F =i f r e q u e n c y  of o c c u r r e n c e ,  V = aggre-  
g a t e  t o t a l  volume, I R I  = index  of r e l a t i v e  impor tance  
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TABLE 3 .  PREY ITEMS OF LARGE CTC AMBERJACK FROM THE LOWER 
MAIN HAWAIIN ISLANDS ( N  = 45) LISTED I N  DECREAS- 
I N G  IMPORTANCE BY TAXA. TAXA OF LESSER PREY 
(THOSE W I T H  I R I  VALUES BELOW 100) ARE LISTED 

WITH THEIR RESPECTIVE I R I  VALUES ONLY. 

% N  %F %V I R I  

Taxa of prey 
Fishes  
Cephalopods 
Crustaceans 

Major lower taxa prey 
I)ecaDterus SPP. 
Teuthoidea 
My ct  oph i da e 
Engraul idae 

Taxa of lesser prey 
Ca rang i da e 
F i sh  
B a l  is  t i da e 
Auxismshei 
Mu1 1 i d a e  

Tetraodont idae 
Both i da e 
Auxisthazard 
Pr i a  ca nth  ida  e 
F i  s t u l  ar  i idae 

67.3 
29.0 
3.7 

10.5 
28.4 
13 .O 
22.2 

73 
46 
37 
26 
23 
22 
22 
19 
13 
11 
1 0  
9 

95.6 98.2 15,822 
26.7 1.4 812 
6.7 0.4 27 

33.3 32.4 1 , 429 
24.4 1.4 7 27 
13.3 0.3 177 
4.4 0.7 1 0 1  

Natant  i a 
Pleuronect i formes 
Arlomrna SP. 
Caridea 
Dactylopter i d a e  
Auxis SP. 
lmxwmasmacrosoma 
BeterocarDusensFfer 
Scombr i d a e  
Gonos toma t ida e 
O c t  opoda 
Synodontidae 

8 
6 
4 
3 
3 
2 
2 
2 
2 
1 
1 
1 

Note: N = t o t a l  number, F 5: frequency of occurrence, V =: aggre- 
g a t e  t o t a l  volume, I R I  = index of r e l a t ive  importance 
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TABLE 4. PREY ITEMS OF LARGE NON-CTC AMBERJACK FROM THE LOWER 
MAIN HAWAIIAN ISLANDS ( N  = 53) LISTED I N  DECREASING 
IMPORTANCE BY TAXA. TAXA O F  LESSER PREY (THOSE W I T H  
I R I  VALUES BELOW 100) ARE LISTED W I T H  THEIR RESPEC- 
T I V E  I R I  VALUES ONLY. 

% N  %F %V I R I  

Taxa of prey 
F i s h e s  
Crustaceans 
Cephalopods 

Major lower taxa prey 
DecaDterus SPP. 
Auxisthazard 

Taxa of lesser prey 
L u t j a n i  da e 
My c t o ph i da e 
Ca  r a ng i da e 
Natant  i a  

Teuthoidea 
F i s h  

Crustaceans 
Rep t a  n t  i a 

Mo r i da e 

S co r pa e n i da e 

Scombridae 

SelarcrnmenoDhthalmus 

aurria sp. 

SvmPhvsanodon- 
Hetl=xauu_enslfer 

JlLuuwu . .  SP. 
PrlstlDomoldes SP. 

59.4 
33.5 
7.1 

14.7 
2.4 

54 
54 
52 
48 
41 
41 
35 
32 
32 
32 
28 
24 
10 
1 0  
9 
8 
8 
6 

86.8 98.8 13 , 732 
20.8 0.5 7 07 
11.3 0.7 88 

35.8 38.2 1 , 894 
5.7 18.4 119 

Bal is t i d a  e 
Cat idea  

Arlomma SP. 
F i s t u l  a I: i i da e 
Te t r aodon t idae  
Cephalopods 
Pol ymix i i d a  e 

Synodont i d a e  
Labr i d a e  
Penaeidea 
Amph ipoda 
O c t  opoda 
Pa r a1 e p i  d i da e 

T r i g l i d a e  

e=--- 

SvmPhvsanodontvDus 

Sauilla SP. 

5 
5 
5 
4 
4 
4 
3 
2 
2 
2 
1 
1 

<1 
<1 
< 1  
< 1  
<1 

Note: N = t o t a l  number, F = f requency of occurrence, V = aggre- 
g a t e  t o t a l  volume, I R I  = index of r e l a t ive  importance 
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The predominance of D_ecaDteru spp. were s imi la r ,  i n  terms 
of pe rcen tage  of t o t a l  I R I  ( F i g u r e s  3 and 5 ) ,  i n  small and l a r g e  
f i s h  of t h e  non-CTC group. Although -Pteru spp. ranked high- 
es t  i n  bo th  weight  c lasses  of t h e  CTC group,  i ts pe rcen tage  of 
t o t a l  I R I  among l a r g e  amberjack was twice t h a t  found among t h e  
small amberjack ( F i g u r e s  2 and 4 ) .  A d d i t i o n a l l y ,  Teuthoidea and 
Myctophidae appeared  t o  be major food items i n  both  weight  
classes of t h e  CTC group, bu t  were n o t  p r e s e n t  as  such i n  e i t h e r  
of t h e  weight  classes of t h e  non- CTC group. 

G l a s s i f  i c a t i o n  of prey i n t o  e c o l o g i c a l  h a b i t a t s  r evea led  
t h a t  small CTC amberjack f e d  more on bottom prey and midwater 
prey was secondary i n  importance (Table  5, F i g u r e  6 ) .  The 
r e v e r s e  s i t u a t i o n  was t r u e  among t h e  small non-CTC amberjack 
( F i g u r e  7 ,  Table  6 ) .  

Large amberjack of bo th  groups showed a n  i n c r e a s e  i n  water 
column-associated prey  and a d e c r e a s e  i n  bottom prey ( F i g u r e s  8 
and 9, Tab les  7 and 8 )  compared w i t h  small amberjack ( F i g u r e s  5 
and 7 ,  Tab le s  5 and 61, p a r t i c u l a r l y  w i t h i n  t h e  CTC group. The 
small CTC amberjack were unique i n  having h ighe r  c o n t r i b u t i o n s  of 
bottom prey  t h a n  midwater prey i n  t h e i r  d i e t .  

t e n t s  of CTC and non-CTC amberjack were nematodes and t rematodes .  
The nematode-trematode r a t i o  ranged from 2 t o  3 : l  i n  bo th  weight  
classes of t h e  CTC and non-CTC groups.  

The parasi tes  found most f r e q u e n t l y  among t h e  stomach con- 

The d i e t  of non-CTC amberjack was compared between f i s h  from 
t h e  N W H I  and t h e  LMHI. For small amberjack i n  both  areas, f i s h  
were t h e  predominant c lass  taxon and minor c o n t r i b u t i o n s  were 
made by c r u s t a c e a n s  and cephalopods (Tables  2 and 9 ) .  I n  t h e  
N W H I ,  Octopoda dominated among lower t a x a  ( I R I  = 572) fo l lowed 
by U x a p t e r u  spp. ( I R I  = 1 8 0 ) ,  Na tan t i a  ( I R I  = 1591, and 
Ammodytidae ( I R I  = 109)  ( F i g u r e  1 0 ,  Table  9 ) .  I n  c o n t r a s t ,  t h e  
LMHI samples  e x h i b i t e d  a g r e a t  predominance of m t e r u s  spp. 
fo l lowed by N a t a n t i a  and S .  maunaloae ( F i g u r e  3, Table 2). 

The most impor t an t  class t axon  among l a r g e  amberjack i n  bo th  
areas was f i s h  and less  impor t an t  were crustaceans and cephalo- 
pods ( T a b l e s  4 and 1 0 )  e I n  t h e  N W H I ,  R. jatd ( I R I  = 660)  was t h e  
h i g h e s t  ranked lower taxon fo l lowed by Teuthoidea ( I R I  = 3751, 
w o t e r w  spp. ( I R I  = 235), Balis t idae ( I R I  = 1671, f i s h  ( I R I  = 
1 6 4 ) ,  and Te t r aodon t idae  ( I R I  = 1 4 1 )  ( F i g u r e  11, Table  1 0 ) .  Th i s  
c o n t r a s t s  w i t h  t h e  h igh  predominance of DecaPterw spp. fo l lowed 
by A. thazard i n  t h e  LMHI ( F i g u r e  5 ,  Table  4 ) .  

whereas  B. &&J. dominated i n  t h e  l a r g e  c lass ,  w h i l e  i n  t h e  LMHI, 
w t e r u  spp. dominated among bo th  weight  classes. 

I n  t h e  NWHI Octopoda predominated among t h e  small s i z e  class 
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TABLE 5. PREY ITEMS OF SMALL CTC AMBERJACK FROM THE LOWER M A I N  
HAWAIIAN ISLANDS ( N  = 84) GROUPED BY ECOLOGICAL H A B I -  
TAT (BOTTOM, MIDWATER, AND BOTH) SHOWING THE DIETARY 
CONTRIBUTION ( I R I )  OF EACH HABITAT 

Primarily bottom prey 
Ammody t i da e 
A n g u i l l i f  ormes 

B a l  istidae 
Bleekeriaailli 
Chae todon t  i d a e  
Congr i da e 
D a c t y l o p t e r i d a e  - SP. 
Emme1 i c h t h y i d a e  
Gobi i da e 
Grammatonotus- 
Labridae 
L u t  j a n i d a e  
Munida sp. 
0 c t opo da 

,SP. . 
l a o m  stelndachnerl 

%N 
36.6 

Primarily midwater prey 
Auxis_thazard 
RsaQt=m SPP. 
Engraul idae  

%F 
61.9 

% N  %F 
28.4 44.0 

Pagur i d a e  
Penaeidea 
Per coph id idae  
P leu ronec t i fo rmes  
Pomacent r i d a  e 
I o n t b u s  m&~~~a&z&i  
Por tun idae  
Pr i a c a n t h i d a e  

Reptan t i a 
Sco r paenida e 
Se r rani  da e 
SvmPhvsanodon- 
SvmPhvsanodontvPus 
Synodont i d a e  
Xanthichthvsmento 

. .  
SP. 

%V I R I  
49.4 5,323 

My c t oph i da e 
Teuthoidea 

%V I R I  
40.5 3,032 

Prey primarily associated w i t h  both habitat8 
Natant  i a  

Sphy r a e n i  da e 
Te t r a o  don t i da e 

Selarcrumenor>hthalmus 
Car idea  

Pleslonlka SP. 
. .  

Mull idae  

% N  
35.1 

%F 
19.0 

%V 
10.1 

I R I  
859 

Omitted prey 
Carangidae Crus taceans  
Cephalopods F i s h  

Note: N = t o t a l  number, F = f requency of occurrence ,  V = aggre- 
g a t e  t o t a l  volume, I R I  = index of r e l a t i v e  importance 
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TABLE 6. PREY ITEMS OF SMALL NON-CTC AMBERJACK FROM THE LOWER 
MAIN HAWAIIAN ISLANDS ( N  = 77) GROUPED BY ECOLOGICAL 
HABITAT (BOTTOM, MIDWATER, AND BOTH) SHOWING THE 
DIETARY CONTRIBUTION ( I R I )  OF EACH HABITAT 

Primarily bottom prey - SP. 
Bothidae 
Caproidae 
Emmelichthyidae 
Eteliscoruscans 
Lab r i da e 
L u t  j a n i d a e  
Octopoda 
Per coph id idae  
P r i a c a n t h i d a e  

% N  
39.3 

Primarily midwater prey 
Decaaterusmacrospma 
DecaDterus SPP. 
Engraul idae  

%F 
48.0 

l D O r n o l d e s  sp.  
Reptant  i a  
S co r pa en  i da e 

S e r r a n i d a e  
Scorpaenonsis sp. 

Svmshvsanodonmaunaloae 
SvmBhvsanodon SP. 
SvmDhvsanodon- 
Sy no do n t i da e 

%V I R I  
19.5 2,822 

My c t  oph ida  e 
Teu t h  o i d e a  

% N  %F %V I R I  
15.9 52.0 70.9 4 , 5 1 4  

Prey primarily associated with both habitats 
Car idea  Natant  i a 
BeterocarDusensifer 
M u l l i d a e  

SelarcrumenoDhthalmus 
Te  t r aodon t  i d a e  

%N 
44.9 

%F 
19.5 

Omitted prey 
Carangida e 
Cephalopods 

%V 
9.6 

Crustaceans 
F i s h  

I R I  
1 ,063 

Note: N = t o t a l  number, F = f requency of occurrence ,  V = aggre- 
g a t e  t o t a l  volume, I R I  = index of r e l a t ive  importance 
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TABLE 7. PREY ITEMS OF LARGE CTC AMBERJACK FROM THE LOWER M A I N  
HAWAIIAN ISLANDS ( N  = 42) GROUPED BY ECOLOGICAL H A B I -  
TAT (BOT'IUM, MIDWATER, AND BOTH) SHOWING THE DIETARY 
CONTRIBUTION ( I R I )  OF  EACH HABITAT 

Primarily bot tom prey 
B a l  i s t i d a e  
Bo t h i  da e 
D a c t y l o p t e r i d a e  
F i s t  u l  a r  i i d a e  
M u l l i d a e  
0 ct  opoda 

% N  %F 
9.9 28.6 

Primarily midwater prey 
Arlomma SP. 
Auxisrochei 
Auxis SP. 
Auxisthazard 
DecaDterus- 
DecaDterus SPP. 

P l e u r o n e c t i f  ormes 
PontinusmacrocePhala 
Pr i a c a n t h i d a e  

Synodont i d a e  

. .  
s i e b o l d u  

%V I R I  
44.8 1 ,564  

Engraul  i d a e  
Gonos tomat  i d a e  
My c t o ph i da e 
Scombr i da e 
Teu t h o i  dea  

% N  %F %V I R I  
84.2 81  . O  52.0 11,032 

Prey primarily associated with both habitats 
N a t a n t  i a  
T e t r a o d o n t i d a e  

Ca r i dea 
HeterocarDusensifer 

% N  %F %V I R I  
5.9 11.9 3.2 1 0 8  

Omitted prey 
Ca r a n g  i da e F i s h  

Note: N = t o t a l  number, F = f requency  of occurrence, V = aggre-  
g a t e  t o t a l  volume, I R I  = index  of r e l a t ive  impor tance  
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TABLE 8 .  PREY ITEMS OF LARGE NON-CTC AMBERJACK FROM THE LOWER 
M A I N  HAWAIIAN ISLANDS ( N  = 49)  GROUPED BY ECOLOGICAL 
HABITAT (BOTTOM, MIDWATER, AND BOTH) SHOWING THE 
DIETARY CONTRIBUTON ( I R I )  OF EACH HABITAT 

Primarily bottom prey 
B a l i s t i d a e  
F i s t  u l  ar i idae 
Labr i d a e  
Lu t j an idae  
i ldmaus SP. 
Moridae 
0 c t o poda 
Penae i dea 
Pol  ymixi  i da  e 

% N  
26.3 

%F 
34.7  

. .  Prlstlaomoldes SP. 

-maunaloae -- Repta n t  i a  
Scorpaenidae 

Synodont i d a e  
T r i g l i d a e  

%V 
21.9 

I R I  
1,673 

Primarily midwater prey 
Amphipoda My ctoph ida  e 
Auxis SP. Pa r a l  epi dida e 
Auxisfhazard Scombr i da e - SP* Sauilla SP. 
-macrosoma Teuthoidea 
R e a w e u s  SPP. 

% N  %F %V I R I  
43.4 71.4 72.2 8,254 

Prey primarily associated with both habitats 
Car i dea SelarcrumenoDhthalmus 
HeterocarPus- Tetraodont idae 
Natant i a 

% N  %F %V 
30.3 16.3 5 . 9  

I R I  
5 90 

Omitted prey 
Ca rang i da e 
Cephalopods F ish  

Crustaceans 

Note: N = to ta l  number, F = frequency of occurrence,  V = aggre- 
g a t e  t o t a l  volume, I R I  = index of re la t ive  importance 
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TABLE 9. PREY ITEMS OF SMALL NON-CTC AMBERJACK FROM THE NORTH- 
WESTERN HAWAIIAN ISLANDS ( N  = 92) LISTED I N  DECREAS- 
I N G  IMPORTANCE BY TAXA. TAXA OF LESSER PREY (THOSE 
W I T H  I R I  VALUES BELOW 100) ARE LISTED W I T H  THEIR 
RESPECTIVE I R I  VALUES ONLY. 

% N  %F %V I R I  

Taxa of prey 
Fishes  
Cephalopods 
Crustaceans 

60.6 
8.7 

30.7 

Major lower taxa prey 
O c t  opoda 4.9 

Ammody ti da e 11.2 

IlecaDterus SPP- 2 .6 
Natant i a 27.6 

Taxa of lesser prey 
Ser ran idae  
F i sh  
Teuthoidea 

-el ich thyidae  
Tetraodont  i d a e  
P r i acan th idae  
Embollchthvs SP. 
Pseudomonocanthus 

SvmPhYsanodon 
maunaloae 

Congridae 
QA3xamWtabl 
Crustaceans 
Arlomma SP. 
Synodontidae 
B a l  is t i da e 
My c t  o ph i da e 
P1 eur onec t  i f  ormes 
SvmPhYsanodon- 
Anguil l  i f  ormes 
Aracanaaculeata 
Capr oidae 

Bnthlas SP. 

81 
73 
45 
44 
40 
40 
36 
25 

18 

17 
16 
1 5  
11 
6 
6 
4 
4 
4 
4 
2 
2 
2 

82.6 66.3 10,482 
25.0 31.1 995 
13.0 2.6 43 3 

16.3 30.2 572 
10.9 13.9 180 
5.4 1.9 159 
7.6 3.2 109 

Carangidae ( jack)  

F i s t u l a  r i i da e 
M u l l i d a e  
0 s t r a c i on t i da e 
Penaeidea 
Per co ph i d i  da e 
Acanthur i d a e  
Argent i n i  da e 

Bothidae 
B ram i da e 
C e  ph a1 o pods 
Dactylopter  i d a e  
Euphausiacea 
Exocoetidae 
Mor ida  e 
Nomeidae 
Pega si  da e 
Psenes SP. 
Reptant i a  
Sco r pa en i da e 
T r i g l i d a e  
Zeidae 

scomber- 

B l e e k e r i a u  

Note: N = t o t a l  number, F = frequency of occurrence,  V = aggre- 
g a t e  t o t a l  volume, I R I  = index of r e l a t i v e  importance 
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TABLE 1 0 .  PREY ITEMS OF LARGE NON-CTC AMBERJACK FROM THE NORTH- 
WESTERN HAWAIIAN ISLANDS (N = 27) LISTED I N  DECREAS- 
I N G  IMPORTANCE BY TAXA. TAXA O F  LESSER PREY (THOSE 
WITH I R I  VALUES BELOW 100) ARE LISTED WITH THEIR 
RESPECTIVE I R I  VALUES ONLY. 

% N  %F % V  I R I  

Taxa of prey 
F i s h e s  
Cephalopods 
Crustaceans 

58.2 77.8 96.2 12,012 
20.9 33.3 3.1 799 
20.9 18.5 0.7 400 

Major lower taxa prey 
DecaDterustabl 9.9 14.8 34.7 660 

16.5 22.2 0 .4  375 Teuthoi  dea 
D_ecaPterus SPP. 5.5 14.8 10 .4  235 
B a l i s t i d a e  12.1 7.4 10.5 167 
F i s h  6.6 22.2 0.8 164 
Te t r aodon t idae  3.3 11.1 9.4 164 

Taxa of lesser prey 
Psieudomonocanthus g a u e t t  i 82 
0 c t opo da 79 
F i s t  ul ar  i i da e 75 
Crustaceans 64 
Reptant  i a  37 
Mur a e n i d a e  1 4  
Congridae 9 
Mul l idae  9 

SvmPhvsanodPnmaunaloae 
Ca r ang i da e 
Polymixi i d a e  
Pr i aca n t  h i da e 
Angu i l l i fo rmes  
Argent i n i  da e 
Natant  i a 
S y no don t i da e 

Note: N = t o t a l  number, F = f requency  of occurrence, V = aggre-  
g a t e  t o t a l  volume, I R I  = index of re la t ive  importance 

The resu l t s  of h a b i t a t  c l a s s i f i c a t i o n  of prey r evea led  t h a t  
among small NWBI amberjack,  bo t tom-assoc ia ted  p rey  was most 
impor tan t  (Table  11, F i g u r e  1 2 ) ,  whereas f o r  small LMHI amberjack,  
t h e  water column-associated p rey  dominated ( F i g u r e  7 ,  Table  6 ) .  
For l a r g e  NWHI amberjack,  bottom prey ranked h ighe r  t han  midwater 
prey ( F i g u r e  13 ,  Table  1 2 ) .  However, t h e  l a r g e  LMHI amberjack 
showed a predominance of midwater prey  ( F i g u r e  9 ,  Table  8 ) .  

The d i e t a r y  change from small t o  l a r g e  amberjack i n  bo th  
areas invo lved  a n  increase of midwater prey and a d e c r e a s e  i n  
bottom prey.  

sites, r e g a r d l e s s  of weight  c lass  and area. The r a t i o  of nema- 
t o d e s  t o  t r ema todes  f o r  t h e  NWHI sample ranged from 3 t o  4 : l  
compared w i t h  2 t o  3 : l  f o r  t h e  LMHI sample. 

Nematodes and t r ema todes  were t h e  most f r e q u e n t  g u t  para- 
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TABLE 11. PREY ITEMS OF SMALL NON-CTC AMBERJACK FROM THE NORTH- 
WESTERN HAWAIIAN ISLANDS (N = 85) GROUPED BY ECOLOGI- 
CAL HABITAT (BOTTOM, MIDWATER, AND BOTH) SHOWING THE 
DIETARY CONTRIBUTION ( I R I )  OF  EACH HABITAT 

P r imar i ly  bottom prey 
Acanthus i da e 
Ammody t i da e 
Anguil l i formes 
Bnthlas SP. 
A.KaGaMaculea ta  
Bal i s t i d a e  
B l e e k U  silli 
Both i da e 
Caproidae 
Ca rang i da e 
Congridae 
Dacty lopter idae  

Emmel i ch thyidae  
P i s  t u l  a r i i da e 
Mor i dae 

O l l C h L h y S  sp. 

0 c t opoda 
Os t r ac ion t idae  
Pegasida e 
Penaeidea 
Percophidida e 
Pleuronect i formes 
Pr i aca  n th  ida  e 
Pseudomonocanthus g a r r e t t i  
Reptant ia  
S c o m b e r w w  
Scor paeni da e 
Ser ran idae  
v m a u n a l o a e  
SvmDhvsan_odontvpus 
Synodont ida  e 
Tr ig  I. ida  e 

% N  %F %V I R I  
53.6 74.1 71.1 9 ,240  

P r imar i ly  midwater prey 
Argent i n i  da e - SP. 
B ram ida e 
D_ecaaterus SPP. 
DecaPterustabl 

% N  
9.3 

%F 
36.5 

Exocoe t i d a  e 
My c t  oph ida e 
Nom e i da e 
Psenes sp. 
Teuthoidea 

%V I R I  
23.2 1,186 

Prey p r i m a r i l y  associated w i t h  both  h a b i t a t s  
Euphausiacea T e t  raodont i da  e 
Mu1 1 ida e Zeidae 
N a t a n t  i a 

% N  
37.1 

%F 
1 4 . 1  

%V 
5.7 

I R I  
6 03 

Omitted prey  
Cephalopods F ish  
Crustaceans 

- --_I_-___ 

Note: N = t o t a l  number, F = frequency of occurrence,  V = aggre- 
g a t e  t o t a l  volume, I R I  = index of r e l a t i v e  importance 
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TABLE 12. PREY ITEMS O F  LARGE NON-CTC AMBERJACK FROM THE NORTH- 
WESTERN HAWAIIAN ISLANDS ( N  = 23) GROUPED BY ECQLOGI- 
CAL HABITAT (BOTTOM, MIDWATER, AND BOTH) S H O W I N G  THE 
DIETARY CONTRIBUTION ( I R I )  O F  EACH HABITAT 

Primarily bottom prey 
Angui l l  i formes  
B a l i s t i d a e  
Congridae 
F i s t u l a r i i d a e  
Muraenidae 
O c  t opoda 

Pol ym i x  i i da e 
P r i a c a n t h i d a e  
Pseudomonocanthus m e t t i  
R e p t a n t i a  
Svmphvsanodonmaunaloae 
Sy no do n t i da e 

%N % F  % V  I R I  
47.8 65.2 43.7 5 , 966 

P~iarinrily midwater prey 
Ax gent. i n i  da e 
Q- SPP. 

Decaaterustabl 
Te u t h o i  dea 

% N  %F %V 
43.5 43.5 46.5 

I R I  
3,915 

Prey primarily associated with both habitat8 
Mull idae  Te t r aodon t idae  
Natant  i a  

% N  %F %V I R I  
8.7 21.7 9.8 401 

Omitted prey 
Ca rang i da e 
Crus t aceans  

F i sh  

Note: N = t o t a l  number, F = f requency of occurrence ,  V = aggre- 
g a t e  t o t a l  volume, I R I  = index of r e l a t i v e  importance 

DISCUSSION 

DecaDteru spp. were t h e  most impor t an t  lower prey taxon i n  
t h e  d i e t  of LMHI amberjack, r e g a r d l e s s  of t h e i r  t o x i c i t y  or s i z e .  
DecaDteru spp. were a l s o  t h e  most impor tan t  component among t h e  
midwater prey  which dominated i n  t h e  non-CTC and l a r g e  CTC amber- 
jack. Among small CTC amberjack, however, DecaDteru spp. were 
less predominant and t h i s  was r e f l e c t e d  i n  t h e  h ighe r  con t r ibu -  
t i o n  of bottom prey as  opposed t o  midwater prey.  The re fo re ,  
d i e t a r y  d i f f e r e n c e s  between t h e  small CTC amberjack and t h e  o t h e r  
t h r e e  groups  a re  p r i m a r i l y  r e f l e c t e d  i n  t h e  smaller c o n t r i b u t i o n  
of I)ecaDteru spp. i n  t h e  former group. To h e l p  unders tand  t h e  
d i e t a r y  d i f f e r e n c e s  observed  t h u s  f a r  i n  r e l a t i o n  t o  whether 
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DecaPterus spp. might be involved  i n  t h e  t r a n s m i s s i o n  of c igua-  
t o x i n ,  t h e  fo l lowing  p e r t i n e n t  i n fo rma t ion  is summarized. 

The genus -Dteru i s  r e p r e s e n t e d  by fou r  species w i t h i n  
t h e  Hawaiian Archipelago.  W t e r u  macarellu s is t h e  most 
abundant species i n  t h e  LMHI b u t  i n  t h e  NWHI t h e i r  abundance is 
unknown. I n  t h i s  paper t h i s  species i s  cal led D e C a D t e r U  spp. 
because P. macarellus and P. w o a d =  (an  i n f r e q u e n t  conspe- 
c i f i c )  , are not  r e a d i l y  d i s t i n g u i s h a b l e .  The o the r  two s p e c i e s ,  
P. macros- and P. U, are e a s i l y  d i s t i n g u i s h a b l e  from each 
o t h e r  as w e l l  as from DecaDteru spp. 

A l i f e  h i s t o r y  s tudy  by Yamaguchi (1953) c h a r a c t e r i z e d  g. 
macarellus as u s u a l l y  i n h a b i t i n g  t h e  middle  and upper l a y e r s  of 
t h e  n e r i t i c  zone, a l though  a t  times be ing  found i n  shal low water 
and f a r  ou t  a t  sea. Yamaguchi concluded t h a t  p. macare- f e d  
on zooplankton,  p r i m a r i l y  c rus t aceans .  D i e t a r y  s t u d i e s  on o t h e r  
members of t h e  genus,  i n c l u d i n g  p. u, showed them t o  be p r i -  
mar i ly  p l a n k t i v o r o u s  ( T i e w s  e t  a l . ,  1970) .  T h i s  f e e d i n g  mode 
among members of D e C a D t e r U S  i n d i c a t e s  l i t t l e  i n t e r a c t i o n  wi th  
b e n t h i c  fauna .  Assuming t h a t  c i g u a t o x i n  h a s  a b e n t h i c  o r i g i n  i n  
t h e  LMHI, s imilar  t o  what Yasumoto e t  a l .  (1977a, 1977b) found i n  
French Po lynes i a ,  W D t e r u a  appears t o  be an u n l i k e l y  in te rmedi -  
a r y  f o r  c i g u a t o x i n  t r ansmiss ion  through t h e  food cha in .  Addit ion-  
a l l y ,  RecaDteru i s  a popular  food f i s h  i n  Hawaii, y e t  Kubota 
(1981)  found no i n s t a n c e s  of it be ing  i m p l i c a t e d  among r e p o r t e d  
c i g u a t e r a  poisoning  cases from 1900 t o  December 1980. From t h i s  
background in fo rma t ion ,  s e v e r a l  hypotheses  have been developed t o  
e x p l a i n  t h e  d i e t a r y  p a t t e r n s  found among t h e  f o u r  groups i n v e s t i -  
g a t e d  i n  t h e  LMHI. 

p rey  would p r e v a i l  when DecaDteru i s  absen t  or scarce. I n  t h i s  
s i t u a t i o n  t h e  most abundant prey would then  be bottom forms 
because D e C a D t e r M  appears t o  be t h e  only  abundant midwater prey 
i n  t h e  d i e t .  If t h i s  swi t ch  t o  f eed ing  on bottom prey  co inc ided  
wi th  c i g u a t o x i c i t y  among t h e  l o c a l  reef fauna ,  t h e  l i n k  i n  t h e  
t r a n s m i s s i o n  of c i g u a t o x i n  would be completed. T h i s  cha in  of 
e v e n t s  would e x p l a i n  t h e  lower Decapterus, h igher  bottom prey 
t e n d e n c i e s  t h a t  occur  i n  t h e  small CTC amberjack. It  is  a l s o  
assumed t h a t  l a r g e  CTC and non-CTC amberjack possess i n c r e a s e d  
m o b i l i t y  and speed,  t h u s  enhancing t h e i r  a b i l i t y  t o  c a p t u r e  and 
consume l a r g e r  and f a s t e r  midwater prey.  T h i s  is e v i d e n t  by t h e  
l a r g e  amounts of DecaPterus and t h e  occurrence  of Auxis i n  t h e i r  
d i e t .  Hence, l a r g e  amberjack are probably less apt t o  f e e d  on 
bottom prey if midwater prey are r e a d i l y  a v a i l a b l e .  Kimura e t  
a l .  (1981)  found t h a t  l a r g e  amberjack had t h e  same inc idence  of 
c i g u a t o x i c i t y  as small ones f o r  t h e  LMHI and N W H I  areas combined. 
Thus c i g u a t o x i n  appears more l i k e l y  t o  be t r a n s m i t t e d  t o  smal l  
r a t h e r  than  l a r g e  amberjack. C i g u a t o x i c i t y  i n  l a r g e  amberjack is 
l i k e l y  a t t r i b u t a b l e  t o  t h e  r e t e n t i o n  of c i g u a t o x i n  from an 
ea r l i e r  exposure. Although c i g u a t o x i n  r e t e n t i o n  i n  kahala h a s  
no t  been i n v e s t i g a t e d ,  Banner e t  a l .  (1966) d i d  conduct s u c h  a 
s tudy  on t h e  reef c a r n i v o r e ,  J d t i w  u, from C h r i s t m a s  

For amberjack, a temporal  and s p a t i a l  change of a v a i l a b l e  
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I s l a n d .  R e s u l t s  i n d i c a t e d  t h a t  no s t a t i s t i c a l l y  d e t e c t a b l e  
l o s s e s  i n  t o x i c i t y  occur red  among a group of L. bohax h e l d  i n  
c a p t i v i t y  a t  Coconut I s l a n d ,  Oahu, Hawaii f o r  up t o  3 0  months. 
Banner e t  a l .  d i d  q u a l i f y  t h e i r  resu l t s ,  however, by s u g g e s t i n g  
t h a t  t h e  t o x i c i t y  l e v e l  i n  some c i g u a t o x i c  f i s h  may g r a d u a l l y  
d imin i sh  over t i m e .  

These hypotheses ,  however , appear  t o  be c o n t r a d i c t e d  by t h e  
N W H I  amberjack. The d i e t  of smal l  non-CTC amberjack i n  t h e  N W H I  
c o n t a i n s  more bottom prey than  t h a t  of t h e  small CTC amberjack i n  
t h e  LMHI. With g r e a t e r  f e e d i n g  of amberjack on bottom prey ,  t h e  
inc idence  of c i g u a t o x i c i t y  among amberjack i n  t h e  N W H I  would be 
expec ted  t o  be h igher  than  t h e  t o x i c i t y  ra te  determined f o r  t h e  
LMK?: f i s h .  However, Polovina and I t o  (1981)  found no appa ren t  
r e l a t i o n s h i p  between inc idence  of t o x i c i t y  and a r e a .  I t  
t h e r e f o r e  appea r s  p laus ib le ,  as shown by Yasumoto e t  a l .  (1979) 
i n  t h e  o v e r a l l  h igher  popu la t ion  coun t s  of &. f o x i c u s  a t  Gam b i e r 
I s l a n d s  compared wi th  T a h i t i ,  t h a t  t h e  N W H I  o f f e r  less s u i t a b l e  
c o n d i t i o n s  for c i g u a t o x i n  ou tb reaks  than  t h e  LMHI. I f  t h i s  
s i t u a t i o n  i s  t rue ,  t hen  t h e  i n c r e a s e d  u t i l i z a t i o n  of bottom prey 
by N W H I  amberjack would not  n e c e s s a r i l y  cause a g r e a t e r  i nc idence  
of c i g u a t o x i c i t y  when compared wi th  t h e  LMHI. S t i l l  unaccounted 
f o r  i s  t h e  reason  f o r  t h e  i n c r e a s e  i n  bottom prey i n  both weight 
groups i n  t h e  N W H I ,  when P e c a p t e r u s  i s  known t o  occur  t h e r e ,  
perhaps  i n  g r e a t  abundance. The h igh  occurrence  of Octopoda i n  
t h e  d i e t  of t h e  small NWHI amberjack is  t h e  only  i n s t a n c e  of a 
lower prey  taxon exceeding  D e C a D t e r U S  spp. and B. LaU i n  
pe rcen tage  of t o t a l  I R I .  By comparison, Octopoda i n  a l l  f o u r  
groups i n  t h e  LMHI is c o n s i s t e n t l y  n e g l i g i b l e .  I t  t h u s  appea r s  
p l a u s i b l e  t h a t  s u f f i c i e n t  r e a d i l y  a v a i l a b l e  bottom prey e x i s t s  
w i t h i n  t h e  NWHI such t h a t  midwater prey ,  namely DecaD t e r u a  , a r e  
f e d  upon less o f t e n  by t h e  small amberjack. Even so,  t h e  t r e n d  
toward i n c r e a s e d  midwater prey i n  t h e  d i e t  as t h e  amberjack grows 
l a r g e r  i n  t h e  LMHI i s  a l s o  e v i d e n t  i n  t h e  N W H I ,  a l t hough  t o  a 
lesser degree .  T h i s  t r e n d  a p p a r e n t l y  i n d i c a t e s  t h a t  t h e  l a r g e  
N W H I  amberjack a re  i n c r e a s i n g l y  capab le  of consuming t h e  swifter 
and f r e q u e n t l y  l a r g e r  midwater prey ,  .a s i t u a t i o n  more s t r o n g l y  
i n d i c a t e d  by t h e i r  weight  c lass  c o u n t e r p a r t s  i n  t h e  LMHI. 

CONCLUSIONS 

Data p r e s e n t e d  i n  t h i s  r e p o r t  suppor t  t h e  hypo thes i s  t h a t  
small amberjack i n  t h e  LMHI are more s u s c e p t i b l e  t o  becoming 
c i g u a t o x i c  when f e e d i n g  p r e f e r e n c e  s h i f t s  away from t o  
bottom prey. S ince  l a r g e  amberjack f e e d  more on Raap te rus ,  t h e  
occur rence  of l a r g e  CTC amberjack i s  mainly a t t r i b u t e d  t o  c igua-  
t o x i n ' s  l ong  r e t e n t i o n  time. The d a t a  a l s o  sugges t  t h a t  a more 
r e a d i l y  a v a i l a b l e  bottom prey fauna e x i s t s  i n  t h e  NWHI and t h a t  
c o n d i t i o n s  f o r  CTC ou tb reaks  are  less than  op t ima l  t h e r e  compared 
wi th  t h e  LMHI.  T e s t s  of t h e s e  hypotheses  should a d d r e s s  t h e  f o l -  
lowing: de t e rmina t ion  of c i g u a t o x i c i t y  i n  PecaD te rus  and bottom 
prey species over  t i m e  and a r e a ;  d i e t  of CTC amberjack from t h e  
N W H I ;  r e t e n t i o n  t i m e  of c i g u a t o x i n  i n  amberjack; conf i rma t ion  of 
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a s o l e l y  b e n t h i c  mode of c i g u a t e r a  o r i g i n  and, i f  so, t h e  deter- 
mina t ion  of p o p u l a t i o n  abundance of t h e  c igua toxin-producing  
agen t  i n  t h e  NWHI and LMHI. 

REFERENCES 

Banner, A.H., P. H e l f r i c h ,  and T. Piyakarnchana.  1966. Reten- 
t i o n  of c i g u a t e r a  t o x i n  by t h e  red snapper ,  bohar. 

( 2 )  : 297-301. 

Banner, A.H. 1976. C igua te ra :  A disease from c o r a l  r ee f  f i s h .  
I n  E!&loav and Geology of  Cora l  R e e k 2  , ed. O.A. Jones ,  and 
R. Endean, Volume 111: Biology 2 ,  pp. 177-213. New York: 
Academic Press. 

b io logy  and f i s h e r y  o f f  s o u t h e a s t e r n  F l o r i d a .  M. S. t h e s i s ,  
U n i v e r s i t y  of M i a m i ,  F l o r i d a .  

Hokama, Y.,  A.H. Banner, and D.B. Boylan. 1977. A radioimmuno- 
a s s a y  f o r  t h e  d e t e c t i o n  of c igua tox in .  Toxicon 15: 317-325. 

Kimura ,  L.H., M.A. Abad, and Y. Hokama. Eva lua t ion  of t h e  rad io-  
immunoassay ( R I A )  f o r  d e t e c t i o n  of c i g u a t e r a  (CTX) i n  f i s h  
t issues.  Paper p r e s e n t e d  a t  P a c i f i c  C igua te ra  Workshop, 
March 18-20, 1981, Honolulu, Hawaii. Un ive r s i ty  of Hawaii 
School of Medicine,  Honolulu. 14 pp. 

Kubota, W. 1981. C igua te ra  f i s h  poisoning  cases: A summary 
from 1900-December 1980. Paper p r e s e n t e d  a t  P a c i f i c  
C igua te ra  Workshop, March 18-20, 1981, Honolulu, Hawaii, 
v a r i o u s  paging. Nat iona l  Marine F i s h e r i e s  S e r v i c e ,  NOAA, 
P.O. Box 3830, Honolulu, Hawaii. 

. .  BUrCh, R.K. 1979. The g r e a t e r  amberjack, SeriQb dumerib : Its 

Pinkas ,  L., M.S. Ol iphan t ,  and I.L.K. Iverson .  1971. Food 
h a b i t s  of a l b a c o r e ,  b l u e f i n  tuna ,  and b o n i t o  i n  C a l i f o r n i a  
waters. - w e n  F i s h  

Polovina ,  J. J., and B.M. I t o .  1981. An a n a l y s i s  of d a t a  from 

152,  105  pp. 

t h e  kaha la  c i g u a t e r a  sampling program, April 1979-December 
1980. Paper p r e s e n t e d  a t  P a c i f i c  C igua te ra  Workshop, March 
18-20, 1981, Honolulu, Hawaii. 4 pp. 

soning ,  w i t h  a t e n t a t i v e  e x p l a n a t i o n  of its cause .  EuJletin 
Randal l ,  J . E .  1958. A review of c i g u a t e r a ,  t r o p i c a l  f i s h  poi- 

e Science of  t h e  and C- 8 ( 3 )  :236-267. 

Randal l ,  J . E .  1967. Food h a b i t s  of r ee f  f i s h e s  of t h e  W e s t  
I n d i e s .  I n  e I N o .  5 ,  PP- 
665-847. U n i v e r s i t y  of M i a m i ,  F l o r i d a .  

26 3 



ShimiZU, Y., H. Shimizu,  P . J .  S c h e u e r ,  Y. Hokama, M. Oyama, and 
J .T.  Miyahara.  1982. a m  b i e r d i s c u  t o x  icus ,  a c i g u a t e r a -  
c a u s i n g  d i n o f l a g e l l a t e  from H a w a i i .  W e t i n  of t h e  
4l-aaJxse SOC i e t y  of s c ien!af ic  Fisheries 

T a y l o r ,  F.J.R. 1979. A d e s c r i p t i o n  of t h e  b e n t h i c  d i n o f l a g e l -  
l a t e  a s s o c i a t e d  w i t h  m a i t o t o x i n  and c i g u a t o x i n ,  i n c l u d i n g  

Uooms,  ed.  D.L. T a y l o r ,  and H.H.  S e l i g e r ,  pp. 71-76. New 
Yoxk: E l s e v i e r  North Hol land ,  Inc.  

Tiews, K . ,  I . A .  R o n q u i l l o ,  and P. Caces-Borja.  1970. On t h e  
Bleeker) i n  t h e  P h i l i p p i n e  

C i J  
b i o l o g y  of roundscads  (DecaDterus 
waters. I n  pro c e e d b s s ,  Indo-Pacif  i c  F i s h d e s  Coun 

' 4 8 ( 6 )  :811-813. . .  

o b s e r v a t i o n s  on Hawaiian m a t e r i a l .  I n  T o x i c  D i n o f J a s e l l a t e  

13(2) :82-106.  

Valdes-Munoz, E. 1980. T o x i c i d a d  y a l i m e n t a c i o n  de  a l g u n o s  
p e c e s  sospechosos  de  provocar  l a  c i g u a t e r a .  ( I n  S p a n i s h ,  
E n g l i s h  a b s t r a c t ) .  Informe C i e n t i f i c o  . .  -Tecnico  123,  16 pp. 

W i t h e r s ,  M.W. 1982. C i g u a t e r a  f i s h  poisoning .  Annua l  R e  view 
af Medicine 33 :97-111. . .  

Yamaguchi, Y. 1953. The f i s h e r y  and t h e  b i o l o g y  of t h e  Hawaiian 
o p e l u ,  Be_caPterun E ? . h u &  u (Eydoux and S o u l e y e t ) .  M.S. 
t h e s i s ,  U n i v e r s i t y  of Hawaii ,  Honolulu.  

Yasumoto, T , ,  Y. Hashimoto, R. Bagnis ,  J . E .  R a n d a l l ,  and A.H. 
Banner.  1971. T o x i c i t y  of t h e  s u r g e o n f i s h e s .  B u l l e t i n  Of 

Fis- 37 ( 8 )  :724-734. . .  
t h e J a p a n e s e e t v  of s-lc 

Yasumoto, T., R. Bagnis ,  S. Thevenin,  and M. Garcon. 1977a. A 
s u r v e y  of c o m p a r a t i v e  t o x i c i t y  i n  t h e  food c h a i n  of c igua-  

er iea  43 ( 8 )  :1015-1019. 

F i n d i n g  of a d i n o f l a g e l l a t e  as a l i k e l y  c u l p r i t  of c igua-  

e r i e s  43 ( 8 )  :1021-1026. 

T o x i n s  i n  t h e  g u t  c o n t e n t s  of p a r r o t f i s h .  W l e  t i n  of t h e  

tera .  B u l l s t i n  of  t h e  Japanese S o c i e t v  of Sc ient-fic F i a  

Yasumoto, T., I. Nakajima, R. Bagnis ,  and R. Adachi. 1977b. 

t e ra .  B u l l e t i n  of t h e  Japanese S o c i e t v  of sc i e n t i f i c  F i s h  - 

Yasumoto, T., I .  Nakajima, E. Chungue, and R. Bagnis .  1977c.  

a n e s e  S o c i e t v  of S c i W  i c  F i s h e r  i e s  43 (1) :69-74. 

Yasumoto, T., A. Inoue,  R. Bagnis ,  and M. Garcon. 1979. Ecolog- 
i c a l  s u r v e y  of a d i n o f l a g e l l a t e  p o s s i b l y  r e s p o n s i b l e  f o r  t h e  

S c i e n  45  ( 3 )  :395-399. 
i n d u c t i o n  of c i g u a t e r a .  B u l l e t  i n  of t h e  JaDanese S o c i e t y  Of 

26 4 




